Society as a whole is becoming more immersed in the age of technology and people are taking severe weather sheltering decisions into their own hands more than ever before. People are going through a complex process when a warning is received, a process that is still not well understood by scientists. In this study, an online survey was used to evaluate various parameters including basic demographics, weather knowledge and experience, and thought-processes during severe weather, to help gain an understanding of this social process and make better connections between why some people choose to seek shelter and why others do not. Through statistical analysis, significant relationships were found corresponding to the presence of family and friends increasing shelter-seeking behaviors, especially for males. Individuals who use three or more warning information sources to make sheltering decisions during the warning-response process were found to be more likely to shelter than those using fewer. Respondents who had a general fear of tornadoes tended to have increased sheltering behavior when compared to those who said they did not fear tornadoes. Likeliness to shelter tended to increase with age. The findings of this study also brought to light communication issues between the public and the meteorology community, including confusion revolving around outdoor warning sirens and county-based warnings. The public relies on outdoor warning sirens, but there isn't a clear understanding of their purpose and use. County-based warnings are perceived as false warnings to unaffected portions of the county, sometimes decreasing an individual's likeliness to shelter in the future.
Introduction
Recently, forecasting for dangerous and high impact events like tornadoes, floods, and hurricanes has improved greatly over the last decade (Golden 2000 , Pappenberger 2010 , Gall 2013 . Improved forecasts should mean longer severe weather lead-times and a better-informed public. This is not necessarily the case. As we continue to make scientific advances in forecasting, it may be assumed that the public is better protected when it comes to severe weather. However, issuing warnings to inform public of imminent dangers is only one small part of the equation.
It is important that forecasters, warning meteorologists, broadcast meteorologists, and other weather communicators thoroughly understand the thought process that people go through when a warning is received. Donner (2012) went so far as to break down this process into steps: 1) hearing the warning, 2) understanding, 3) believing, 4) personalizing, 5) deciding and responding, and 6) confirming. Many choose to confirm a threat or need to feel a sense of danger before they are willing to take protective actions (Johnson 2013) . To help keep as many lives as possible safe and out of harm's way, a thorough understanding of the warning-response process is needed.
Background

a. Warnings-a social process
Weather happens in a social environment in which people are in charge of making decisions, not technology (Ripberger et al. 2015) . Because of this, it is even more important that the meteorology community, including broadcast meteorologists, National Weather Service (NWS), and emergency managers, have effective communication among themselves as well as with the public.
People tend to go through a process before choosing to take protective action. Johnson (2013) notes the importance and need for a deeper understanding of the social and cognitive processes when conducting postdisaster surveys to help meteorologists understand the thought processes of the public and why they chose to take action or not. Some people still do not heed severe weather warnings, even when their lives are in danger. It is important to understand their reasoning so that forecasters, broadcasters, and emergency management officials can do their jobs to the best of their ability and save lives.
The importance of this social research stems to all branches of meteorology as pointed out by former director of National Oceanic and Atmospheric Administration (NOAA), Jack Hayes. "A number of barriers often deter people from making risk-averse decisions, and we want to learn all we can to determine if there is more the NWS can do to change this," Hayes said in an online article (NOAA 2009 ). Very little work has been done in the area, despite the need to understand the public's process when it comes to receiving and responding to warnings (Johnson 2013) . Many studies, including Johnson's, have aimed to identify characteristics of groups who act on a warning and those who do not, but much more research is still needed to have a complete understanding. Ripberger et al. (2015) studied the warningresponse process in more depth. This study found individuals take probability and consequence into account, among other things, when faced with weather related decisions. If the probability a tornado will touchdown in the individual's area or the consequences it may have when it touches down are deemed high, the individual will take protective action of some kind. If the probability of consequences is judged to be low (i.e. warning is for large area and won't impact the individual), they will be less likely to take protective actions because it will cost them in terms of time and effort.
b. Why people don't respond-what we know
The few studies that are available in this area have looked at a number of different parameters in order to determine which ones correlate with people who take protective actions after receiving a warning. For example, some individuals impacted by the "Super Tuesday" tornado outbreak in 2008 believed the threat to be minimal because February is not part of the traditional tornado season (NOAA 2009). The study by Ripberger et al. (2015) found that individuals who had a response plan, and thus were more prepared, tended to be more likely to take protective actions. Other past survey's found that individuals mentioning "God's will" were less likely to take protective actions (Johnson 2013) . This study also found warning response has been affected by the individual's fear of tornadoes in the past.
Studies have also looked at the sources people are receiving the warning from and how the content of the warning affects people's likelihood of taking shelter. Warnings including information pertaining to potential storm impacts and related consequences tend to increase the likelihood individuals will take protective actions of some kind (Ripberger et al. 2015) . A survey conducted by Sherman-Morris (2005) found that most respondents would take shelter if their local weathercaster advised them to do so. One reason local television might be so effective in disseminating warning information could be attributed to their ability to go into continuous coverage. This allows broadcast meteorologists to show different radar maps and live video in addition to specifying geographic information, potential impact, and observed impacts from storm spotters (Johnson 2013 ).
People may be less likely to take shelter when frequently miss-warned before, something referred to as the "cry-wolf" effect in LeClerc and Joslyn's article (2015) . Over-warning is often cited as one reason people may take a warning less seriously. This may be due in part to many warning systems, like weather radios and some warning sirens, still operating on countywide warnings (Johnson 2013) . People may also delay in sheltering because they are trying to confirm the threat or may simply not understand the dangers associated with the warning (Paul et al. 2014) .
c. Warning sources and response
Regarding the amount of sources referred to, individuals who depended on only one source may have cut themselves off from further knowledge, which could have helped in their decision making process. Those using multiple sources seem to use the additional sources to confirm or validate information first learned from the original source (Johnson 2013) . In fact, Luo et al. (2015) conducted a study that found respondents using three or more warning information sources were significantly more likely to take protective action. Demographics like gender or education may also play a role in warning response (Donner et al. 2012) . Johnson (2013) states females were more likely to shelter than males. Johnson's article also discusses that, in some studies, education was linked to higher shelter-seeking behavior while in other studies lower education levels did not reduce the likelihood of seeking shelter.
At present we are aware of some factors that increase an individual's likeliness to take protective actions, but there are still many unanswered questions. Our goal is to further explore the public's response to severe weather warnings, aiming to gain a better understanding of the process people go through after receiving a warning and answer: what aspects of an individual make them more or less likely to take protective action in the event of severe weather, more specifically, tornadoes. In this study we will look to find connections between individuals and their response to severe weather through the investigation of various parameters. Some survey questions asked where survey participants get weather information, what they do upon receiving a warning, and why they may or may not respond when a warning is received.
For this study, a survey was designed to test the following set of hypotheses:
1. It was expected that those with prior experience with tornadoes, especially those directly affected, would be more likely to take protective action than those who had little or no experience with tornadoes in the past. People who had seen tornado destruction first hand were hypothesized to be most likely to take shelter in comparison to those with less experience.
2. Those with higher education or income levels were expected to be more likely to seek shelter than those with lower incomes or education levels. 3. People using three or more sources to get weather information were expected to be more likely to take protective actions than those using less than three sources. 4. People who regularly seek out weather forecasts and information were expected to be more likely to take protective actions. 5. The presence of family or friends when a warning is issued was expected to have no effect on an individual's shelter-seeking behavior. 6. Those who are generally fearful of tornadoes were expected to be more likely to take protective action when a warning is issued than those who stated they were not nervous. 7. It was expected that people would be less likely to shelter in warnings issued during the "off-season." 8. In general, males were expected to shelter less often than females
Methods
a. The survey
Data was collected through a 22-question survey (Appendix A). In order to have similar analyses for all questions, answers on the 7-point scale from strongly disagree to strongly agree were collapsed. Answers of strongly agree, agree, and somewhat agree, became the "Agree" group. A similar "Disagree" group was formed from the answers of somewhat disagree, disagree, and strongly disagree. Answers of neither agree nor disagree were classified as "Neutral."
Results and Analysis
At the end of the response period, 2289 surveys were collected. 119 surveys were excluded from the analysis because they were entirely incomplete, resulting in a final survey count of 2170. Partially complete surveys were kept because parts of these surveys were still usable, and were used accordingly in analysis. For a total survey count per question, refer to the listed "n=" value (Table 1) .
a. Survey population
Overall, 95% of the survey population identified as white and 99.81% of the survey population reported that their primary language was English.
When asked to rate their weather knowledge, most respondents answered either average or higher, with less than 5% selecting the answer choice "slightly below average," "moderately below average," or "far below average."
Location. The survey population had representation from 84% of states (42/50 states). There was a strong Upper Midwest representation (Iowa and Minnesota).
Statistical evidence shows a slight correlation between where you live and likeliness to take shelter with respondents currently living in the central and western portions of the country more likely to shelter than those on the eastern side of the country. However, no statistically significant evidence was found linking the area someone was raised with shelter-seeking behavior.
Age. Majority of the respondents identified as 30 or 40-year olds with only sixty 70-year-olds and six 80-year-olds. A significant relationship was found relating probability to shelter with increasing age with a p-value of 0.0055 ( Fig. 1 ).
Gender. Over 65% of the survey population was female, and just under 34% were males. The remaining less than 1% identified as "other" or "prefer not to answer." These responses were eliminated from the data for the gender analysis to focus only on the differences between males and females and to allow for statistical p-tests to be performed (Table 1) .
Females (89%) are significantly more likely than males (78%) to agree that they are likely to respond when a tornado warning is issued for their area. Females (70%) are also significantly more likely than males (41%) to agree with the statement: in general, the possibility of tornadoes forming in severe weather makes me very nervous. Males (66%) are significantly more likely than females (48%) to agree that having family or friends present would mean they are more likely to seek shelter than when alone.
For the survey questions regarding seeking out weather information, in general and during severe weather, males and females answered similarly (Table 1) . Males (47%) and females (47.5%) also had similar answers when asked about likeliness to shelter during "off-season" tornado warnings Education and income. No statistically significant evidence was found showing that higher education or higher income correlate with higher shelter-seeking behavior. Higher education levels showed more of a relationship to increased shelter seeking than higher income levels.
b. The warning-response process
Nearly 95% of respondents agree it is important to seek out the daily weather forecast, in general. This number jumped to 99.6% when respondents were asked if they felt it was important to seek out current weather information during severe weather events. However, when asked if they pay attention when severe weather is expected in their area, there was a slight decrease in agreement (98%). It is interesting to note a majority of people (84%) who do not take shelter find it important to seek out the daily weather forecast.
After receiving a tornado warning, nearly 70% of respondents said they search for more information, meaning they referred to local TV, social media, smartphone apps, or other online sources at that time (Fig. 2) . Nearly half of all respondents said they would seek confirmation of the threat by looking outside and waiting for environmental cues before taking shelter. Just over 35% of respondents reported they take shelter immediately after receiving a warning.
When it comes to not responding, nearly one-fifth of participants do not respond because they do not believe they are in danger. Almost 20% of respondents said they would not shelter so they could see or take pictures/video of the tornado. 17% of respondents would not respond due to too many false warnings or not trusting the warning.
Half of all respondents said more accurate warnings would increase their (Fig. 3) .
On the other hand, 43% of respondents said they always respond when a tornado warning is issued and 85% of participants agreed with the statement " I am likely to take shelter when a tornado warning is issued for my area" while only 8% disagreed.
Warning information sources.
Respondents were asked to check the sources they typically receive weather information from during severe weather situations (Fig. 4) .
Local TV (80%) was reported as the most used severe weather information source. This finding agrees with every study reviewed by Johnson (2013) in which a majority of respondents listed TV as a primary warning source. The next most used source was reported to be Wireless Emergency Alerts (65%). About a third of respondents use the NOAA All Hazards Weather Radio as a warning information source and half of all respondents said they refer to their local NWS website.
More than half of respondents rely on outdoor warning sirens as a severe weather information source, many of which relied on them as their first warning source, reporting they would only seek further information after hearing them. Other popular warning sources mentioned in the comments include police scanners or fire pagers and personal observation.
Past experience. Nearly half of survey respondents reported they have witnessed tornado destruction first hand. Only 5% of respondents reported having had no personal experience with tornadoes.
When it comes to personal property being damaged by a tornado, slightly under 10% of respondents said their own home or property had been damaged while over 30% said they had a family member or friend with tornado related property damage. However, having prior experience with tornadoes and tornado damage (including witnessing destruction first hand, experiencing damage to personal property, or even helping with clean up following a tornado) had no statistical impact on likeliness to shelter. But, when asked what would increase a participant's responsiveness to tornado warnings, 16% checked "seeing tornado destruction first hand."
Respondents whose homes had personally been damaged by tornadoes are more likely to search for more information (63.5%) or seek confirmation of the threat (49%) before taking shelter than those with little to no prior experience with a tornado.
Presence of family and friends. Slightly under 55% of the entire survey population agreed that they would be more likely to shelter in the presence of family or friends. 28% disagreed with the statement and the remaining near 18% marked "neither agree nor disagree." The survey population as a whole showed inconclusive evidence that presence of friends or family impacted their decision to shelter. However, males (66%) are significantly more likely to shelter if family or friends are present than females (48%).
55% of the people who are likely to take shelter are more likely to take shelter in the presence of friends or family while 46% of those who are not likely to take shelter in general are more likely to shelter when family and friends are present.
A general fear of tornadoes. 60% of the entire survey population agreed with the statement: in general, the possibility of tornadoes forming in severe weather makes me very nervous.
Over 65% of the people who are likely to shelter agree they are fearful of tornadoes. It can be said with convincing statistical evidence that people who are fearful of tornadoes (66.5%) are more likely to take shelter than those who are not nervous of tornadoes in general (21%). This finding agrees with that of Johnson's study (2013) .
"Off-season" response. 47.5% of the survey population disagreed when asked if they would be less likely to shelter for a tornado warning issued during seasons where tornadoes are not common while 33% of the survey population agreed to the statement.
One third of people who are likely to shelter in general are less likely to if a warning is issued outside of peak tornado season. 
Fig. 4. Sources used to obtain weather information
Discussion
As mentioned earlier, this survey was distributed online and thus only accessible to people with online access that followed the individuals or organizations that posted the survey link. Due to the nature of this distribution, the survey was only available in English and initially distributed through English sources, so conclusions drawn are of English speakers. From the demographic information on the survey, we also know that most participants were white and well educated. We could not draw conclusions about people who do not speak English as their primary language or of other races.
Also, in knowing the demographics of the individuals sharing the survey link, it should be assumed that the survey was more likely to reach college aged students or those with at least a college degree, as well as individuals somehow affiliated with the NWS or other weather organizations because of the nature of those who posted the link and shared it.
a. Individuals who are likely to take shelter
This study has identified a few traits of individuals who are more likely to take protective actions.
In terms of gender, females are more likely to respond than males. This finding agrees with those of Johnson (2013) who found females were more likely to shelter than males. Females tended to be more nervous of tornadoes, which could help explain why they are much more responsive and likely to shelter sooner than males. A heightened level of nervousness about tornadoes will tend to lead to a greater likelihood to take shelter. A greater impact on the presence of family and friends is seen in males taking shelter than with females, who are already more likely to shelter in the first place.
As respondents' age increased, so did their responsiveness. This significant trend may be due to having lived through more severe weather or possibly because it takes longer for the elderly to get to a safe shelter so they take cover without first seeking additional information. One other explanation could be those who are older tend to have less access to and reliance on technology, so there is less of a warning-response process to go through.
Region of the country where one lives was found to have a connection to likeliness to shelter. Those living in the western and central portions of the US were significantly more likely to shelter than those living in the eastern US.
Respondents who used three or more warning information sources are more likely to respond than respondents who used fewer, likely because of a heightened understanding of the danger. As discussed by Johnson (2013) , people relying on fewer than three sources are essentially cutting themselves off from information that could help them make a decision in the warningresponse process. Many respondents left comments mentioning that they would be more likely to respond in general if they know a tornado has actually been sighted or they get information about specific storm related impacts. Broadcast meteorologists and those in charge of social media need to take this into account and include this information in their updates so the public is able to make better-informed decisions.
b. Individuals who are not likely to shelter
Although only about 8% of respondents disagreed that they would be likely to shelter when a tornado warning is issued for their area, this is still a considerably large percentage of the population willingly staying in harm's way.
20% of respondents said they would not respond because they do not believe they are in actual danger based on further information found after receiving the warning and environmental cues (Fig 5) .
Instead of sheltering, one-fifth of respondents would take pictures or video of the storm. Survey participants who are storm spotters, have careers in law enforcement or media, or are trained to safely view and document these storms, may have skewed this number upward.
Of the respondents who said they would not shelter, some commented that they would go out to chase, either for their job (fire department, law enforcement), the county, SKYWARN, or for their own enjoyment. Many commented that their decision to take shelter was impacted by checking information sources after receiving the warning prompted them to seek more information. Observing activity outside to gauge intensity and monitoring radar to gauge proximity were both noted as two important pieces of information to instill shelter-seeking behavior. Others commented they would not shelter until they heard the outdoor warning sirens sound, some citing being unable to hear the sirens.
In the comments section of the question asking about what tornado shelter respondents had, some people reported living in a residence hall on a college campus or apartment complex that either had no shelter or that they were not aware of one.
Many cited not being able to hear the outdoor warning sirens over other electronics or through closed windows as a reason for not responding. Others mentioned not sheltering because of being in an unfamiliar area while driving. A few commented that they had lived in the same location for a certain amount of time and had never been hit by a tornado.
Others commented that smaller, more precise warnings would increase their responsiveness because of confusion between county-based and storm-based warnings between different warning sources. For example, NOAA weather radios and some outdoor warning sirens operate on the county based system while other outdoor warning sirens and many TV station's graphics operate on a storm-based system.
Other reasons mentioned for not sheltering include the misconception that urban areas cannot be hit by tornadoes, not understanding the wording of the warning, not knowing the level or risk in certain locations, or not having a clean or comfortable shelter. Some mentioned that because pets aren't allowed in community shelters, they would rather not shelter. A few also noted being confused on the difference between a watch and a warning.
c. Inconclusive evidence
Because no statistically convincing evidence was found linking higher education or higher income with greater shelter-seeking behavior, conclusions cannot be drawn about these parameters.
Correlations between past experience with tornadoes or tornadic destruction and shelter-seeking behaviors were not found to be statistically significant either. This is similar to information found in past studies (Johnson 2013) .
As an overall population, the presence of family or friends had no impact on likeliness to shelter. Some may be more likely to shelter in the presence of children or grandchildren while others are actually discouraged by family members so they can go watch or chase the storm.
d. Warning information sources and the warning-response process
Responding to a weather warning is a complex process. Of the respondents who said they take shelter immediately, over half first try to confirm the threat by looking outside or seeking additional information before heading to their shelter. This reaction was frequently observed in this study. Many people take the warning seriously, but use it as a way to prompt them to seek additional information or confirmation of the threat before they are willing to shelter.
Many respondents said they would search for more information from local TV, online, smartphone apps, or other sources after receiving a warning or look outside and then act on environmental cues. This shows that warnings act more as an alert to seek out additional information and then act upon that new information for many people rather than prompting shelter-seeking.
Because a majority of the population also relies on Wireless Emergency Alerts on their smartphones, it is important that these sources also include impact and proximity information first and foremost, as these are the factors indicated by this study to initiate a reaction to take shelter. If phrases like "check media" are included as part of this warning message, local media need to be aware of their role in disseminating the warning information, and make impacts, storm location, and path known as these factors instill shelter-seeking behaviors.
However, as one respondent mentioned, having access to so much information may actually be making people less responsive. "In the 80/90's I was more likely to immediately heed a warning," they said. However with the endless information now available at their fingertips, the general public seems to feel more empowered to act on their own information and not take a warning as seriously.
e. Increasing shelter-seeking behaviors
Only 11% of respondents marked that a better understanding of outdoor warning sirens would increase their responsiveness. However, in reading comments left on this survey, sirens seems to be a big area of confusion among the general public.
Many respondents commented on the confusion caused by outdoor warning sirens. In some areas, sirens are set off county wide while they are set off for smaller portions in others. There was also a lot of confusion regarding outdoor warning sirens being used for high wind or severe thunderstorm warnings in addition to tornado warnings. Others noted that if they live on the western edge of the county, countywide sirens don't give them enough warning. Still others complained that they live in a large county and it may be sunny where they are if the storm is on the opposite side of the county. There were also comments about not having outdoor warning sirens in rural locations and small communities as well. It is important to take this information and educate the public on the purposes of outdoor warning sirens.
As defined by NOAA, "sirens are an outdoor warning system designed only to alert those who are outside that something dangerous is approaching" (NOAA 2015) . According to the results of this survey, too many people rely on outdoor warning sirens as their first, and often only, way of initially getting a warning, whether inside or out.
The public needs to be better educated on the intent of these siren's and how to access alternate sources or warning information.
As one participant puts it, "I think it would do municipalities and the general public a big service to have a discussion about when and why the sirens are used, and the other ways that storms are warned and what people should be paying attention to."
Having smaller warning areas across all warning information sources may help to decrease the feeling of false alarms and thus increase responsiveness when a warning is issued.
Conclusion
The goals of this study were to further explore aspects of individuals that correlate with increased shelter-seeking behavior. It was expected that those with prior experience with tornadoes, especially those directly affected, would be more likely to take protective action than those who had little or no experience in the past. Though no statistically significant evidence was found to support this, there was a trend in the data that corresponded with this theory. People who regularly seek out weather forecasts and information were also expected to be more likely to take protective actions, which was found to be true.
It was hypothesized that males would be expected to shelter less often than females and significant evidence was found to support this. Significant evidence was also found that males tend to be more responsive in the presence of friends and family. However, no evidence supported friends and family having an impact on sheltering decisions for the survey population as a whole, which was hypothesized.
Having a general fear of tornadoes was expected to tend to correlate with higher likeliness to shelter, which was found to be true.
Those with higher education levels or higher income levels were expected to be more likely to shelter than those with lower levels, however no statistical evidence was found to support this hypothesis.
Those using three or more warning information sources were expected to be more likely to shelter than those using fewer sources. This was found to be true. Local TV and wireless emergency alerts were the two most used sources.
People were expected to be less likely to shelter in the "off-season." However, it was found that people were still significantly likely to shelter with two-thirds of respondents saying they would still respond to an off-season warning.
Likeliness to shelter tends to increase with age. To a lesser degree, but still significant, the region of the country where one lives connects to likeliness to shelter.
Other major findings of this study include the confusion surrounding outdoor warning sirens and the major dependence the public has on them. The public needs to be educated on the purpose of outdoor warning sirens and how they are used. This should be made a priority moving forward. Further research into how warnings issued by the NWS are received by the public is also needed. Confusion about warning text and actual danger factor could be eliminated if a standard is set for the entities disseminating the warnings to the general public.
It is important as meteorologists to understand how we are perceived by public in order to better serve them and their needs. 
